Introduction
The genus Actinoplanes (Couch 1950) emend. Stackebrandt and Kroppenstedt 1987 is a member of the family Micromonosporaceae (Krassil'nikov 1938) emend. Stackebrandt et al. 1997 . Organisms placed in the genus Actinoplanes are characterized by the presence of spherical, cylindrical, digitate, lobate, bottleor flask-shaped or very irregular sporangia. Sporangiospores are motile by tufts of polar flagella. Aerial hyphae are scant. The peptidoglycan contains mesodiaminopimelic acid, which may be replaced by hydroxydiaminopimelic acid. Xylose is the diagnostic sugar of whole-cell hydrolysates and small amounts of galactose and\or arabinose are also frequently found. Phosphatidylethanolamine is the diagnostic phospho- lipid. Iso-\anteiso-branched and monounsaturated fatty acids and\or cis-9,10-octadecanoic acid (oleic acid) are predominant. The predominant isoprenoid quinone is MK-9(H % ). The GjC content of DNA ranges from 72n1 to 72n6 mol %. The type species is Actinoplanes philippinensis Couch 1950 and more than 20 species have been validly described. Stackebrandt & Kroppenstedt (1987) proposed the union of the genera Actinoplanes, Amorphosporangium Couch 1963 and Ampullariella Couch 1964 (Saitou & Nei, 1987) , derived from 16S rRNA sequences of valid species of the genus Actinoplanes and other members of the family Micromonosporaceae. Streptomyces ambofaciens ATCC 23877 T (M27245) was used as the root organism. Bar, 0n01 K nuc in nucleotide sequences. The numbers on the branches are confidence limits (expressed as percentages) estimated from a bootstrap analysis with 1000 replicates (only values above 50 % are indicated). 
1964) was transferred to the genus Streptomyces as
Streptomyces armeniacus (Wellington & Williams, 1981) on the basis of its morphology, cell wall chemotype and phage susceptibility. Actinoplanes caeruleus (Horan & Brodsky, 1986 ) was transferred to the genus Couchioplanes as Couchioplanes caeruleus (Tamura et al., 1994) on the basis of its morphology, chemotaxonomy and phylogeny. Goodfellow et al. (1990) determined the chemotaxonomic and phenotypic characteristics of species of Actinoplanes and reported that the chemical and numerical taxonomic data supported the integrity of the genus. Koch et al. (1996) analysed a 500 nt stretch of 16S rDNA from 17 valid species of the genus Actinoplanes and reported that two major phylogenetic groups were detected. One contained Actinoplanes philippinensis and Actinoplanes brasiliensis and the other contained Actinoplanes cyaneus and Actinoplanes regularis.
In order to provide a basis for determining the phylogenetic relationships among the species of the genus Actinoplanes, we analysed the 16S rDNAs of all validly described species as well as some invalid species belonging to the genus.
METHODS
Micro-organisms and culture conditions. The strains investigated in this study were 21 type strains of validly described Actinoplanes species and 28 other strains of Actinoplanes (Figs 1 and 2). All strains were cultivated at 28 mC for 5 d in yeast extract\glucose broth (containing 10 g yeast extract and 10 g -glucose in 1000 ml distilled water, pH 7n0) on a rotary shaker.
PCR amplification and sequencing of 16S rDNA. 16S rDNA was amplified by PCR (Saiki et al., 1988) using protocols described previously (Tamura et al., 1998) . The 1n5 kb amplified 16S rDNA was subjected to cycle sequencing by using a BigDye Terminator cycle sequencing kit in conjunction with Amplitaq FS (PE Applied Biosystems) and a Gene Amp PCR System 9700 (Perkin Elmer) according to the manufacturer's protocol with the following primers : 9F, 515F (5h-GTGCCAGCAGCCGCGGT-3h, positions 515-531), 785F (5h-GGATTAGATACCCTGGTAGTC-3h, 785-805), 1099F (5h-GCAACGAGCGCAACCC-3h, 1099-1114), 536R (5h-GTATTACCGCGGCTGCTG-3h, 536-519), 802R (5h-TACCAGGGTATCTAATCC-3h, 802-785), 1115R (5h-AGGGTTGCGCTCGTTG-3h, 1115-1100) and 1541R. The conditions for thermal cycling were 25 cycles of denaturation at 96 mC for 10 s, primer annealing at 50 mC for 5 s and primer extension at 60 mC for 4 min. The products were purified as recommended by PE Applied Biosystems and were analysed with a model ABI PRISM 310 Genetic Analyzer (PE Applied Biosystems) according to the manufacturer's protocol.
Phylogenetic analysis. 16S rDNA sequences of the strains under investigation and reference organisms were aligned against that of Streptomyces ambofaciens (Pernodet et al., 1989) .   version 1.7 (Thompson et al., 1994) was used to generate evolutionary distances (the K nuc value of Kimura, 1980) , similarity values, neighbour-joining analysis (Saitou & Nei, 1987) from K nuc values and the bootstrap resampling method of Felsenstein (1985) with 1000 replicates for evaluation of the topology of the phylogenetic tree. plot (Perrie' re & Gouy, 1996) was used to plot the phylogenetic tree.
The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession numbers listed in Figs 1 and 2.
Analyses of chemotaxonomic characteristics. Analyses of whole-cell sugar composition, amino acid composition of cell wall, menaquinone composition, cellular fatty acid composition, isomers of diaminopimelic acid, acyl type of peptidoglycan, mycolic acid and DNA base composition were performed as described previously (Tamura et al., 1994) .
Cultural, physiological and morphological characteristics.
Cultural and physiological characteristics were determined as described previously (Yokota et al., 1993 ; Gordon et al., 1974) . Morphology was observed by scanning electron microscopy as described previously (Tamura et al., 2000) .
DNA-DNA hybridization. The microplate-hybridization method developed by Ezaki et al. (1988 Ezaki et al. ( , 1989 was applied with minor modifications to determine DNA similarity (Tamura et al., 1999) .
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RESULTS AND DISCUSSION
Almost complete 16S rRNA sequences were determined and analysed phylogenetically. Fig. 1 On other hand, some strains were phylogenetically related. Actinoplanes missouriensis IFO 13243 T and Actinoplanes auranticolor IFO 12245 T had 99n8% sequence similarity. However, these species have many differences in physiological characteristics (Goodfellow et al., 1990) .
Actinoplanes humidus and Actinoplanes consettensis, which were isolated from sediments of the River Derwent in the UK (Goodfellow et al., 1990) , had 100 % sequence similarity. However, in their physiological characteristics, these species are distinguishable by the reduction of nitrate (Goodfellow et al., 1990) . DNA-DNA hybridization studies may be required to confirm that they are phenotypically defined species.
Actinoplanes campanulatus, Actinoplanes digitatis, Actinoplanes lobatus and Actinoplanes regularis, which were members of the former genus Ampullariella, did not form a coherent cluster within the genus. The same is true of Actinoplanes auranticolor and Actinoplanes globisporus, members of the former genus Amorphosporangium. Actinoplanes globisporus IFO 13912 T has the longest branch among the type strains of validly described Actinoplanes species, excluding Actinoplanes minutisporangius IFO 15962 T , and its similarity to the 
Presence of 2-OH fatty acids j j \k k k type strains of validly described Actinoplanes species ranged from 94n8 to 96n9 %. For the type strains of validly described Actinoplanes species other than Actinoplanes minutisporangius IFO 15962 T and Actinoplanes globisporus IFO 13912 T , the levels of 16S rDNA sequence similarity were greater than 95n7%. The chemotaxonomic characteristics of Actinoplanes globisporus IFO 13912 T were in good agreement with those of the genus Actinoplanes (Table 1) , thus confirming its assignment to this genus.
Actinoplanes sp. IFO 14428 and Actinoplanes auranticolor IFO 13992 formed a cluster with strains of Couchioplanes. In neither strain was the sheath of sporangia observable by scanning electron microscope (data not shown), and this morphological feature is characteristic of strains belonging to the genus Couchioplanes. However, both strains had mesodiaminopimelic acid as the diamino acid of the peptidoglycan, while the members of the genus Couchioplanes have lysine.
Actinoplanes minutisporangius IFO 15962 T and ' Actinoplanes aurantiacus ' IFO 13967 were placed outside the family Micromonosporaceae ( Fig. 1) and were found to be related to members of the genus Cryptosporangium (Tamura et al., 1998) (Fig. 2) . Actinoplanes minutisporangius IFO 15962 T and ' Actinoplanes aurantiacus ' IFO 13967 had 98n0-99n3% similarity to members of the genus Cryptosporangium, but less than 93n7 % similarity to other Actinoplanes species. Actinoplanes minutisporangius was reported to produce spherical and subspherical sporangia above and within agar (Ruan et al., 1985) , which is consistent with the morphological characteristics of the genus Cryptosporangium (Tamura et al., 1998) . The major menaquinone and fatty acid patterns of Actinoplanes minutisporangius IFO 15962 T and members of Cryptosporangium were also in good agreement (Table 1) . Thus, on the basis of morphological, physiological, chemotaxonomic and phylogenetic criteria, Actinoplanes minutisporangius IFO 15962 T is considered to Data not obtained in this study were taken from Ruan et al. (1985) (C. minutisporangium) and Tamura et al. (1998) (Ruan et al., 1985) . Actinoplanes minutisporangius also differed from other members of the genus Cryptosporangium in the hydrolysis of starch and gelatin and the reduction of nitrate (Table 2) .
Similarly, ' Actinoplanes aurantiacus ' IFO 13967 differed from other members of the genus Cryptosporangium in the utilization of raffinose, hydrolysis of starch and reduction of nitrate ( Basonym : Actinoplanes minutisporangius Ruan et al. 1986 .
The description is based on the data compiled by Ruan et al. (1985) and in this study. Morphological, chemo-T. Tamura and K. Hatano taxonomic and general characteristics are as given previously for the genus (Tamura et al., 1998 The type strain is IFO 13967 T (l JCM 3241 T l 71-C38 T ).
